PATENT ABSTRACTS OF JAPAN 
( 1 1 )Publication number : 08-078 1 63 
(43)Date of publication of application : 22.03 . 1 996 



(51)Int.Cl. H05B 33/14 
C09K 11/06 
G09F 9/30 
H05B 33/10 
H05B 33/22 



(21) Application number : 06-239348 (71)Applicant : KEMIPURO KASEI KK 

(22) Date of filing : 07.09.1994 (72)Inventor : KIDO JUNJI 
FUKUOKA NAOHIKO 



(54) ORGANIC ELECTROLUMINESCENT ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To form a stable light emitting layer without using solution application method by 
inserting a carrier recombining area control layer between a hole transport layer and an electron 
transport layer. 

CONSTITUTION: A glass base 1 is coated with an ITO 2. A hole transport light emitting layer 3' 
having hole transporting property and a light emitting peak in blue violet area is evaporated thereon. A 
carrier recombining area control layer 4 is evaporated under vacuum, and a first electron transporting 
light emitting layer 5' having electron transporting property and a light emitting peak in insulating area 
is formed. A pigment dope layer 1 1 having a light emitting peak in red area is evaporated under 



vacuum, and the second electron transporting light emitting layer 5' is again evaporated thereon. 
Finally, Mg and Ag are evaporated as a cathode electrode 6. In such an organic electroluminescent 
element, a DC voltage is applied with the ITO as an anode 2 and Mg:Ag as the cathode 6. A white 
emission having emission peaks in blue, green and red areas can be taken out. 
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* NOTICES * 

JPO and IN PIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by connputer. So the translation nnay not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

CLAIMS 

[Clainn(s)] 

[Claim 1] An organic electroluminescent element with the white luminescent 
color which is the organic electroluminescent element which carried out the 
laminating of the electronic transportability luminous layer which has the different 
luminescent color, and the electron hole transportability luminous layer to 
inter-electrode [ of a pair ] on both sides of the carrier recombination field control 
layer and by which luminescence of both an electronic transportability luminous 
layer and an electron hole transportability luminous layer was synthesized for 
the emission spectrum from a component including the blue field, green field, 
and red field of the light. 

[Claim 2] The organic electroluminescent element according to claim 1 which is 
the layer which has the thickness to which said carrier recombination field 



control layer was suitable for the recombination of a carrier starting by both the 
electron hole transportability luminous layer and the electronic transportability 
luminous layer. 

[Claim 3] The organic electroluminescent element according to claim 1 or 2 
doped with the coloring matter with which said electron hole transportability 
luminous layer and/or an electronic transportability luminous layer improve the 
whiteness degree of luminescence. 

[Claim 4] The process of the organic electroluminescent element according to 
claim 1 , 2, or 3 characterized by carrying out sequential formation of each of an 
electrode, an electron hole transportability luminous layer, carrier recombination 
field control layers, electronic transportability luminous layers, and cathode by 
the vacuum deposition method and/or the sputtering method on a substrate. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the organic electroluminescent 
elennent used for the flat-surface light source or a display device, and its process. 
[0002] 

[Description of the Prior Art] The organic electrolunninescent elennent by which a 
lunninous layer is constituted from an organic thin film attracts attention as what 
realizes the large area display device of a low-battery drive (for example, refer to 
drawing 6 ). The component which the component structure which carries out 



the laminating of the organic layer fronn which carrier transportability differs is 
effective in efficient-izing of a component, and used the aluminum chelate 
complex for the electron hole transportation layer at low-molecular aromatic 
amine and an electronic transportability luminous layer is reported [C.W.Tang, 
Appl.Phys.Lett, 51, p.913 (1987)]. With this component, high brightness 
sufficient with the applied voltage not more than 10V for utilization of 1000 cd/m2 
has been obtained. 

[0003] However, in the organic electroluminescent element which the above 
luminous layers become from a single ingredient, a luminous layer is 
monochromatic luminescence and cannot obtain luminescence from two or 
more different emission centers. 

[0004] the coloring matter which has the luminescent color to which this problem 
differs from a luminous layer component in a luminous layer - ultralow volume 
(0.2-0.5-mol%) -- it is solvable by doping partially. Tongues (Tang) are the 
phases which form the aluminum chelate layer which is a luminous layer of the 
above-mentioned two-layer structure component with a vacuum deposition 
method. By doping by carrying out vapor codeposition of the coloring matter in 
which red luminescence is shown, and controlling the dope location and the 



amount of dopes It has succeeded in obtaining lunninescence of tlie green fronn 
an alunninunn chelate, and the red of dopant coloring matter from one component 
[C.W.Tang, J.Appl.Phys., 65, p.3610 (1989)]. However, since the aluminum 
chelate complex which is a host ingredient is a green illuminant, more, high blue 
luminescence of excitation energy level is not obtained with doping an aluminum 
chelate layer with coloring matter, therefore white luminescence is not obtained, 
either. 

[0005] One person of this invention person has succeeded in obtaining white 
luminescence by making into a luminous layer the polymer of the electron hole 
transportability which shows blue luminescence, and doping blue, green, and 
red luminescence coloring matter to this that this problem should be solved 
[J.Kido, Appl.Phys.Lett., 64, p.815 (1994)]. As this component is shown in 
drawing 7 , on the transparence glass substrate 1 The ITO electrode (anode 
plate) 2, blue, the luminescence coloring matter (1, blue 1 and 4 [ blue ], and 
4-tetra-phenyl-1 ,3-butadiene luminescence coloring matter --) of green and red 
green coumarin photopigment of -six shots and, and red DCM photopigment of 
one shot 3" of electron hole block layers which consist of a 1, 2, and 4-triazole 
derivative formed by the polymer luminous layer 7 which doped in the Pori 



(N-vinylcarbazole) layer and was obtained, and vacuunn evaporation technique It 
consists of the low-nnolecular electron transport layers 5 and cathode 6 which 
consist of an alunninunn chelate. 

[0006] 

[Problenn(s) to be Solved by the Invention] As nneans fornning of each class of a 
connponent, although conconnitant use of vacuunn evaporation technique, the 
solution applying nnethod (DIP coating), or both etc. exists, if the solution 
applying nnethod is used, nnixing of the innpurity to a luminous layer, adsorption 
of the gas nnolecule in the atnnospheric air on the front face of a lunninous layer, 
etc. will occur, and it will beconne the cause of degradation of a connponent. With 
the component structure of said reference, since the luminescence coloring 
matter of blue, green, and red is made to exist in one layer and white 
luminescence must be obtained by this synthetic light, at least two coloring 
matter must be doped into one host ingredient, and these three components are 
very difficult for carrying out vacuum deposition to coincidence technically, and 
cannot form a stable three-component-system luminous layer. Therefore, in 
producing the component of said reference, the problem could not but adopt the 
solution applying method of a certain thing. Then, even if the solution applying 



method is not used for the purpose of this invention, it is in the point of offering 
an organic electrolunninescent element with the new component structure which 
can form a stable luminous layer. 

[0007] 

[Means for Solving the Problem] The organic electroluminescent element of this 
invention for solving said technical problem is characterized by having the 
structure which inserted the carrier recombination field control layer between the 
electron hole transportation layer and the electron transport layer so that it can 
manufacture without using the solution applying method. And in this component 
structure, it was obtained from both the electron hole transportation layer and the 
electron transport layer, and luminescence finds out that it is greatly effective in 
obtaining white luminescence which covers a light field widely by high luminous 
efficiency and luminescence brightness, and came to complete this invention. 
[0008] The first of this invention, it is the organic electroluminescent element 
which carried out the laminating of the electronic transportability luminous layer 
which has the different luminescent color, and the electron hole transportability 
luminous layer to inter-electrode [ of a pair ] on both sides of the carrier 
recombination field control layer, and the luminescent color by which it was 



synthesized including tlie blue field, green field, and red field of the light is 
related with an organic electroluminescent element with the white emission 
spectrum from a component. 

[0009] The second of this invention is related with the process of the organic 
electroluminescent element according to claim 1, 2, or 3 characterized by 
carrying out sequential formation of each of an electrode, an electron hole 
transportability luminous layer, carrier recombination field control layers, 
electronic transportability luminous layers, and cathode by the vacuum 
deposition method and/or the sputtering method on a substrate. Although all 
each class can also be performed by vacuum deposition or sputtering, it can be 
made vacuum deposition for each class, or can also be made sputtering. In a 
general organic electroluminescent element as shown in a of drawing 1 , an 
electron hole is poured in to an organic layer (electron hole transportation layer) 
2 from an anode plate (transparence anode plate) 2, i.e., a hole-injection 
electrode, and an electron is poured in from cathode (cathode) 6 6, i.e., an 
electron injection electrode, to an organic layer (electronic transportability 
luminous layer) 5. It functions considering electronic transportability luminous 
layer 5' as a luminous layer, and when it is the bilayer mold component which 



inserted the electron hole transportation layer 3 between an anode plate 2 and 
electronic transportability luminous layer 5', as shown in drawing 1 , the electron 
with which the electron hole transportation layer 3 was poured into the electron 
hole poured in from the anode plate 2 from a passage and cathode 6 passes 
along electronic transportability luminous layer 5', and both carriers are 
recombined near the interface in luminous layer 5' which also has some electron 
hole transportability. In this case, after diffusing about 200A of produced 
excitons, they result in luminescence. 

[0010] The injection rate of the electron hole to electronic transportability 
luminous layer 5' is restricted, and carrier recombination is made to perform in 
this invention not only electronic transportability luminous layer 5' but in electron 
hole transportability luminous layer 3' by inserting the carrier recombination 
control layer 4 of electronic transportability as a carrier recombination field 
control layer 4 between electron hole transportability luminous layer 3' and 
electronic transportability luminous layer 5*. 

[0011] As shown in drawing 2 , it is inserted between the electron hole 
transportation layer 3 and electronic transportability luminous layer 5', using as 
the carrier recombination field control layer 4 the ingredient which has electronic 



transportability and a liigli excitation energy level. By changing the thickness of 
the inserted carrier recombination field control layer 4, the recombination field (a 
part for +-display) of a carrier is freely controllable into electron hole 
transportability luminous layer 3' ( drawing 2 c) out of electronic transportability 
luminous layer 5' ( drawing 2 a). That is, electronic transportability is high, if the 
carrier recombination field control layer 4 is thickened when it is inserted 
between electronic transportability luminous layer 5' and electron hole 
transportability luminous layer 3*, having used the low ingredient of electron hole 
transportability as the carrier recombination field control layer 4 ( drawing 2 c), 
electron hole transportation will not be performed through this layer, but the 
recombination of a carrier will happen only in electron hole transportability 
luminous layer 3', and the case which does not emit light will be generated in 
electronic transportability luminous layer 5'. on the other hand, the carrier 
recombination field control layer 4 is thin -- elapsing ( drawing 2 a) -- all electron 
holes will be conveyed to electronic transportability luminous layer 5', and the 
case where light is not emitted produces them in electron hole transportability 
luminous layer 3'. An electron hole also comes to be conveyed to some extent as 
making this into suitable thickness ( drawing 2 b), and the recombination of a 



carrier can happen by both electron hole transportability lunninous layer 3' and 
electronic transportability lunninous layer 5'. 

[0012] Therefore, luminescence fronn an electronic transportability lunninous 
layer and an electron hole transportability lunninous layer can be obtained by 
inserting the carrier reconnbination field control layer 4 of suitable thickness 
between electronic transportability lunninous layer 5' and electron hole 
transportability lunninous layer 3' ( drawing 2 b). And lunninescence fronn a 
connponent serves as total of luminescence from an electronic transportability 
luminous layer, and luminescence from an electron hole transportability 
luminous layer, and an emission spectrum becomes what has large width efface. 
Here, luminescence from a component lacks the light of a light field partially, and 
if the coloring matter which has luminescence into the lacked part is doped as 
the third emission center to a part of electronic transportability luminous layer or 
electron hole transportability luminous layer when not white, the doped coloring 
matter will also be excited by diffusion of the exciton generated in the electronic 
transportability luminous layer or the electron hole transportability luminous layer, 
or the trap of a carrier, and light will be emitted by it. 
[0013] Therefore, also when total of luminescence from an electron transport 



layer and an electron hole transportation layer is not white, it serves as white 
lunninescence which covers a light field widely by doping and adding dopant 
coloring nnatter into an electronic transportability lunninous layer or an electron 
hole transportability lunninous layer. In this case, the same effectiveness is 
acquired also as a lanninating nnold of two kinds of ingredients with which the 
lunninescent color differs an electronic transportability lunninous layer or an 
electron hole transportability lunninous layer. As nnentioned above, this invention 
can produce a white luminescence organic electroluminescent element without 
completely including a solution spreading process in a production process by 
adopting the above-mentioned lamination. 

[0014] As a host ingredient which constitutes an electron hole transportability 
luminous layer, if it has electron hole transportability and fluorescence, it is not 
limited to low-molecular but the macromolecule in which vacuum deposition or 
sputtering is possible can also be used. As a former low-molecular ingredient, it 
is the following general formula (1). 

[Formula 1] 





CI) 



The aromatic amine expressed witli (they differing from each other even if 
R1-R6 are the same, and showing hydrogen, the alky! group of carbon numbers 
1-6, the alkoxy group of carbon numbers 1-6, the amino group, etc. among a 



formula), 



and 



its 



derivative 



are 



mentioned. 



[0015] IVIoreover, the following general 



formula 



(2) 



[Formula 



2] 



"^^^^^ N — < ^ CH=CH-R^-CH=C H — ^ 





R" 



(Among the formula, even if R7 and R9 are the same, you may differ, and 
hydrogen, the alkyi group of carbon numbers 1-6, the alkoxy group of carbon 



numbers 1-6, and a phenyl group are shown, and R8 is [Formula 3].) 



The compound shown by ******, [0016] The following general fornnula (3) 
[Fornnula 4] 




(R10 shows the alky! group of carbon nunnbers 1-6, and a phenyl group annong a 
fornnula, and R11 is [Fornnula 5].) 




The connpound shown by [0017] Or a general fornnula (4) 



[Formula 6] 




i4j Rll 



The compound shown by (R12 is the aryl group which may have a substituent 
among the above-mentioned formula, and R13 is the alkyi group or alkoxy group 
of carbon numbers 1-6) is mentioned. 

[0018] As an aryl group, a phenyl group, a naphthyl group, a biphenyl radical, an 
anthranil, etc. are mentioned, and the alkyI group of carbon numbers 1-6, the 
alkoxy group of carbon numbers 1-6, a halogen, etc. are mentioned as a 
substituent here. 
[0019] Moreover, as latter polymeric materials, Pori (N-vinylcarbazole), 
polyphenylene vinylene, its derivative, the polymer that has a triphenylamine 
radical in a principal chain or a side chain are raised. 
[0020] Although especially the thickness of said electron hole transportation 
layer is not limited, in order to obtain sufficient luminescence brightness, about 
300-1 OOOA is desirable. 



[0021] It is the general formula (5) which hole transportability is low and has an 
emission spectrum in a short wavelength side as an ingredient which constitutes 
a carrier recombination field control layer from high electronic transportability, 
high excitation energy level, i.e., blue, or blue. 
[Formula 7] 

N— N 
I 

C5) 

It is 1 expressed with (differing among above-mentioned formula even if R14, 
R15, and R16 are aryl groups which may have substituent and are the same 
respectively), 2, and 4-triazole derivative. As an aryl group, a phenyl group, a 
naphthyl group, a biphenyl radical, an anthranil, etc. are mentioned, and the alkyi 
group of carbon numbers 1-6, the alkoxy group of carbon numbers 1-6, a cyano 
group, etc. are mentioned as a substituent here. 
[0022] Especially, it is [Formula 8] of the following type. 

C Hz C H3 



3-(4-biphenylyl)-4-(4-ethyl phenyl)-5-(4-tert-buthylphenyl)- 1, 2, and 4-triazole 
(henceforth "TAZ") is used suitably. 

[0023] Moreover, the following general formula (6) 
[Fornnuia 9] 

C6J 

1 expressed with (differing annong above-nnentioned fornnuia even if R17 and 
R18 are aryl groups which nnay have substituent and are the same respectively), 
3, and 4-oxadiazole derivative can be used. As an aryl group, a phenyl group, a 
naphthyl group, a biphenyl radical, an anthranil, etc. are mentioned, and the alkyi 
group of carbon numbers 1-6, the alkoxy group of carbon numbers 1-6, a cyano 
group, etc. are mentioned as a substituent here. 
[0024] Specifically, a following-type ingredient is mentioned. 
[Formula 10] 



[0025] Although especially the thickness of said carrier recombination field 
control layer is not linnited, if thickness is too thick, hole block nature will be too 
high and it will beconne luminescence from a hole transportation layer, and if 
thickness is too thin, hole block nature will be too low and will serve as 
luminescence from an electron transport layer [J.Kido, JpnJ.Appl.Phys., 32, 
p.L917 (1993)]. Therefore, in order to obtain luminescence from both a hole 
transportation layer and an electron transport layer, about 20-200A is desirable. 
[0026] As a host ingredient which constitutes an electronic transportability 
luminous layer, the compound which has strong fluorescence can be used 
according to a solid state by electronic transportability. 
[0027] For example, the following general formula (7) 
[Formula 11] 




n 



It is the metal complex and the following general formula (8) which have in a 



ligand 8-quinolinolato expressed with (you may differ even if respectively the 
same, and R20 and R21 are a hydrogen atom or the alkyi group of carbon 
numbers 1-6 among the above-mentioned formula, n is the integer of 1-3, and M 
shows a metal ion), or its derivative. 

[Formula 12] 




(8) 

It is the metal complex which has in a ligand 10-benzoquinolinolato expressed 
with (n is the integer of 1-3 among the above-mentioned formula, and M shows a 
metal ion), and [0028]. The following general formula (9) 
[Formula 13] 




CH=N^ N=CK 




191 



The metal complex expressed with (R19 shows among a formula the arylene 



radical which may have a substituent, M shows a metal ion, and n is the integer 
of 1-3) is mentioned. A phenylene group, a naphthylene radical, etc. are 
mentioned as an arylene radical here. Moreover, as a substituent, the alkyi 



group 



of 



carbon 



numbers 



1-6 



IS 



mentioned. 



[0029] Furthermore, the following general formula (10) (11), 



[Formula 

N— W 

[[^ ^ ^ ^ R = 



N— N 

(10) 



I O 




y V - -T jf^ 



(11) 



14] 



1 come out of and expressed, 3, 4-oxadiazole derivative (the aryl group which 
may differ even if the same the inside R22, R24, R25, R26, and R27 of a formula, 
and may have a substituent, and R23 show the arylene radical which may have 



a substituent). As an aryl group, a phenyl group, a naphthyl group, a biphenyl 



radical, an anthranil, etc. are mentioned, and a phenylene group, a naphthylene 
radical, a biphenylene radical, an anthracenylene group, a peri RENIREN radical, 
etc. are nnentioned as an arylene radical here. Moreover, as a substituent, the 
alkyi group of carbon numbers 1-6, the alkoxy group of carbon numbers 1-6, a 



cyano 



group. 



etc. 



are 



mentioned. 



[0030] It is [Formula 15] when the example of the compound shown by the 



general 



formula 



(10) 



and 



(11) 



IS 



given. 



CHa 



CHa 



CH 




CH3 



There 



is 



**** 



[0031] Moreover, a general formula (12) 

[Formula 16] 




(1 2) I 

Since it may be the same, or you may differ, the compound shown by alkyi 
group) of a hydrogen atom or carbon numbers 1-4 also forms a stable thin film 
and (type Naka, and R28 and R29 emit strong fluorescence, they are effective. 
[0032] Moreover, the perylene derivative which can use various perylene 
derivatives as a compound which constitutes an electronic transportability 
luminous layer, and is listed especially to the following is desirable. 
[Formula 17] 




Although especially the thickness of the above-mentioned electron transport 
layer is not linnited, in order to obtain sufficient luminescence brightness, about 
50-1 OOOA is desirable. 

[0033] what this invention synthesizes luminescence of at least two layers, an 
electronic transportability luminous layer and an electron hole transportability 
luminous layer, and acquires the white light ~ it is ~ the need ~ responding ~ 
that the electronic transportability luminous layer is formed from two or more 
layers, or the electron hole transportability luminous layer is formed from two or 
more layers **** ~ further ~ any of both layers ~ although ~ it is formed of two or 
more layers, and the white light is acquired by synthesis of the luminescent color 
of each class. Each class is good if a comprehensive color serves as the white 
light by forming only with a host ingredient, but when sufficient white light is not 



acquired, can perform doping according the coloring nnatter for doping to 
vacuunn deposition to a host ingredient and coincidence, and can adjust the 
white light. The various coloring nnatter for laser in which strong fluorescence is 
shown according to a solid state as coloring nnatter doped to an electronic 
transportability lunninous layer or an electron hole transportability lunninous layer 
can be used, for exannple, a counnarin derivative, acridine dye, cyanine dye, the 
Quinacridone derivative, acridine dye, etc. are nnentioned, and the connpound of 
the following fornnula group is nnentioned as a typical thing. 
[Fornnula 18] 



NC CN 




[0034] Since luminescence reinforcennent will fall by concentration quenching if 
the dope concentration of the above-nnentioned dopant coloring nnatter is too 
high not nnuch, about 0.1nnol%-2% is desirable. Moreover, a part or the whole of 
an electron transport layer is sufficient as the dope location in an electron 
transport layer. Moreover, the coloring nnatter to dope nnay also use not only one 
kind but two kinds or nnore of coloring nnatter. The ingredient used by this 



invention is not linnited to low-molecular and a nnacronnolecule, and is not limited 
especially in this invention about the thickness of each class containing this 
luminous layer to constitute. 

[0035] In this invention, to take out luminescence in the shape of a field, at least 
one side by the side of an anode plate or cathode needs to be transparent or 
translucent. Usually, although what prepared the transparent electrode which 
consists of ITO on a transparence substrate like a glass substrate or a quartz 
substrate is used, it is usable even if it is the transparence or the translucent 
electrodes other than ITO. For example, it can consider as the electrode which 
prepared the metal thin film with still smaller work functions, such as Li, on the 
ITO thin film on a glass substrate, and the large metal thin film of work functions, 
such as gold, can also be used for the electrode of another side. 
[0036] 

[Example] Next, the example of this invention is explained. 
[0037] Example 1 drawing 3 is the sectional view of the example 1 of this 
invention. As for 1, the coat of the ITO (indium tin oxide) of 15ohms of sheet 
resistance and ** of 2 is carried out with the glass substrate. N expressed with 
the following type which has a luminescence peak on it to electron hole 



transportability and a purple-blue field (410 to 420 nm), the N'-screw 
(3-nnethylphenyl) -1, the I'-biphenyl -4, 4-diannine (henceforth "TPD") 



[Fornnula 



19] 





CH^ 



CH3 



400A was vapor-deposited under the vacuunn of 10-5Torr, and electron hole 
transportability luminous layer 3' (TPD layer) was formed. 
[0038] Next, they are the following type and [Formula 20] as a carrier 



recombination 



field 



control 



layer 



I 

CHa — C 

I 

CH 




CHzCHa 



3-(4-biphenylyl)-4-(4-ethyl phenyl)-5-(4-tert-buthylphenyl)- come out of and 
expressed — 1,2, and 4-triazole (henceforth "TAZ") was vapor-deposited under 
the vacuum of 10-5Torr to the thickness of 30A, and the carrier recombination 
field control layer 4 (TAZ layer) was formed. 



[0039] Next, the following type which has a luminescence peak to electronic 
transportability and a green field (520nm) [** 21] 




It canne out, the tris (8-quinolinolato) alunninunn connplex (it nnay be called "Alq" 
below) layer with which it is expressed was vapor-deposited under the vacuum 
of 50A and 10-5Torr, and first electronic transportability luminous layer 5* (Alq 
layer) was formed. 

[0040] Next, the following type which has a luminescence peak to a red field 
(600nm) [** 22] 



CJ ^3 ^ tit 




the Nile red come out of and expressed -- one-mol% -- the Alq layer to contain 
was vapor-deposited under the vacuum of 50A and 10-5Torr, and the coloring 
matter dope layer 11 was formed. In this case, from a different vacuum 



evaporationo boat from a tris (8-quinolinolato) aluminum (III) complex (Alq), the 
Nile red controlled the evaporation rate and made the content one-mol%. This is 
equivalent to the coloring matter dope layer 11 of drawing 3 . 
[0041] Next, the tris (8-quinolinolato) aluminum complex was again 
vapor-deposited under the vacuum of 400A and 10-5Torr, and second electronic 
transportability luminous layer 5' (Alq layer) was formed. 2000A vapor 
codeposition of Mg and Ag (10:1) was carried out to the last with the same 
degree of vacuum as a cathode electrode 6. The luminescence field was made 
into 0.5cm long and the shape of a 0.5cm wide square. 
[0042] In the aforementioned organic electroluminescent element, direct current 
voltage was impressed by having used Mg:Ag as cathode 6, having used ITO as 
the anode plate 2, and luminescence from a luminous layer 3 was observed. 
Luminescence brightness was measured with the Minolta luminance meter LS 
100. Although the brightness-voltage characteristic at that time was shown in 
drawing 4 , white luminescence of highest brightness 2500 cd/m2 was obtained 
by 14 volts as an initial property. From the emission spectrum shown in drawing 
5 , it checked that emission centers were TPD, Alq, and the Nile red. From the 
above thing, by inserting 1, 2, and 4-triazole derivative as a carrier 



recombination field control layer 4 By taking out red lunninescence from the red 
luminous layer which took out respectively blue and green luminescence from 
both the carrier transportation layer of electronic transportability luminous layer 
5' and electron hole transportability luminous layer 3', and was partially permuted 
in electronic transportability luminous layer 5* to coincidence It checked that 
white luminescence which has a luminescence peak to blue, green, and a red 
field could be taken out. 

[0043] The following type which has a luminescence peak to a red field (600nm) 
in the component configuration of example 2 example 1 [** 23] 



NC C N 




CH;, 



4-dicyanomethylene -2 come out of and expressed - The component which used 
the methyl-6-p-dimethylaminostyryl-4H-pyran (henceforth "DCM-1") instead of 
the Nile red was created. Also in this case, from a different vacuum evaporationo 
boat from Alq, DCM-1 controlled the evaporation rate and it made the content 
one-mol%. 



[0044] In the above-mentioned organic electrolunninescent element, direct 
current voltage was impressed by having used Mg:Ag as cathode, having used 
ITO as the anode plate, and luminescence from a component was observed. 
White luminescence of highest brightness 2400 cd/m2 was obtained also from 
this component by 14 volts. Moreover, it checked that the emission center 
consisted of TPD, Alq, and a luminescence peak from DCM-1 like an example 1 
from the emission spectrum. 

[0045] Example 3 drawing 6 is the sectional view of an example 3. 1 is a glass 
substrate and the coat of ITO (indium tin oxide)2 of 15ohms of sheet resistance 
and ** is carried out. 400A of TPD(s) which have a luminescence peak on it to 
electron hole transportability and a purple-blue field (410 to 420 nm) was 
vapor-deposited under the vacuum of 10-5Torr, and electron hole 
transportability luminous layer 3' (TPD layer) was formed. Next, TAZ was 
vapor-deposited and formed under the vacuum of 10-5Torr to the thickness of 
30A as a carrier recombination field control layer 4. Next, the Alq layer 5 which 
has a luminescence peak was vapor-deposited to electronic transportability and 
a green field (520nm) under the vacuum of 50A and 10-5Torr, and 1st electronic 
transportability luminous layer 5' (Alq layer) was formed in them. 



[0046] Next, the following type which has a luminescence peak to a red field 
(600nm) [** 24] 




It canne out, the perylene derivative expressed was vapor-deposited under the 
vacuunn of 450A and 10-5Torr, and 2nd electronic transportability lunninous layer 
5* (perylene derivative layer) was formed. 

[0047] 2000A vapor codeposition of Mg and Ag (10:1) was carried out to the last 
with the same degree of vacuum as a cathode electrode 6. The luminescence 
field was made into 0.5cm long and the shape of a 0.5cm wide square. In the 
above-mentioned organic electroluminescent element, direct current voltage 
was impressed by having used Mg:Ag as cathode, having used ITO as the 
anode plate, and luminescence from a luminous layer was observed. As for 
luminescence brightness, white luminescence of highest brightness 2200 cd/m2 
was obtained by 16 volts as an initial property. Moreover, from the emission 
spectrum, it checked that emission centers were TPD, Alq, and a perylene 
derivative. 



[0048] 



Example 



(case 



without 



dopant) 



Drawing 2 b is the sectional view of this example. As for 1, the coat of the ITO 
(indium tin oxide) of 15ohms of sheet resistance and ** of 2 is carried out with 
the glass substrate. N expressed with the following type which has a 
luminescence peak on it to electron hole transportability and a purple-blue field 
(410 to 420 nm), the N'-screw (3-methylphenyl) -1, the 1'-biphenyl -4, 4-diamine 



(henceforth 



[Formula 



"TPD") 
25] 





CH^ 



CH3 



400A was vapor-deposited under the vacuum of 10-5Torr, and electron hole 



transportability 



luminous 



layer 



3' 



was 



formed. 



[0049] Next, they are the following type and [Formula 26] as a carrier 



recombination 



field 



control 



layer 



CH3 



CH3 




C Hz C H3 



3-(4-biphenylyl)-4-(4-ethyl phenyl)-5-(4-tert-buthylphenyl)- come out of and 
expressed --1,2, and 4-triazole (henceforth "TAZ") was vapor-deposited and 
fornned under the vacuum of 10-5Torr to the thickness of 30A. 
[0050] Next, the following type which has a luminescence peak to electronic 
transportability and a green field (520nm) [** 27] 




It came out, the tris (8-quinolinolato) aluminum complex (it may be called "Alq" 
below) layer with which it is expressed was vapor-deposited under the vacuum 
of 500A and 10-5Torr, and electronic transportability luminous layer 5' was 
formed. 2000A vapor codeposition of Mg and Ag (10:1) was carried out to the 
last with the same degree of vacuum as a cathode electrode 6. The 
luminescence field was made into 0.5cm long and the shape of a 0.5cm wide 
square. In the aforementioned organic electroluminescent element, direct 
current voltage was impressed by having used Mg:Ag as cathode, having used 



ITO as the anode plate, and lunninescence fronn a lunninous layer was observed. 
Lunninescence brightness was measured with the Minolta luminance meter LS 
100. Bluish green color luminescence of highest brightness 3000 cd/m2 was 
obtained by 14 volts as an initial property. From the emission spectrum shown in 
drawing 8 , it checked that emission centers were TPD and Alq. From the above 
thing, it checked that expected luminescence could be taken out from both the 
carrier transportation layer of an electronic transportability luminous layer and an 
electron hole transportability luminous layer by inserting 1, 2, and 4-triazole 
derivative as a carrier recombination field control layer. 
[0051] The embodiments of this invention are enumerated below. 
1. Organic electroluminescent element with the white luminescent color which is 
the organic electroluminescent element which carried out the laminating of the 
electronic transportability luminous layer which has the different luminescent 
color, and the electron hole transportability luminous layer to inter-electrode [ of 
a pair ] on both sides of the carrier recombination field control layer and by which 
luminescence of both an electronic transportability luminous layer and an 
electron hole transportability luminous layer was synthesized for the emission 
spectrum from a component including the blue field, green field, and red field of 



the light. 

2. Organic electroluminescent elennent of preceding clause 1 publication which 
is layer which has thickness to which said carrier recombination field control 
layer was suitable for recombination of carrier starting by both electron hole 
transportability luminous layer and electronic transportability luminous layer. 

3. The preceding clause 1 doped with coloring matter with which said electron 
hole transportability luminous layer and/or electronic transportability luminous 
layer improve whiteness degree of luminescence, or organic electroluminescent 
element given in two. 

4. The preceding clauses 1 and 2 by which one side of electrode is supported 
with substrate, or organic electroluminescent element given in three. 

5. An anode plate and/or cathode side is transparence, the translucent 
preceding clauses 1, 2, and 3, or an organic electroluminescent element given in 
four. 

6. Joint Field Control Layer for Carriers is General Formula (5). 
[Formula 28] 

N— N 
I 

C5) 



They are the preceding clauses 1, 2, 3, and 4 which consist of triazole 
derivatives shown by (differing among the above-nnentioned fornnula even if R14, 
R15, and R16 are the aryl groups which may have a substituent and are the 
same respectively), or the organic electroluminescent element of five 
publications. 

7. -- the compound of a general formula (5) -- 3-(4-biphenylyl)-4-(4-ethyl 
phenyl)-5-(4-tert-buthylphenyl)- the organic electroluminescent element of the 
preceding clause 6 publication which is 1, 2, and 4-triazole. 

8. Carrier Recombination Field Control Layer is General Formula (6). 
[Formula 29] 



They are the preceding clauses 1, 2, 3, and 4 which consist of 1, 3, and 
4-oxadiazole derivatives shown by (differing among the above-mentioned 
formula even if R17 and R18 are the aryl groups which may have a substituent 
and are the same respectively), or the organic electroluminescent element of 




five 



publications. 



9. The compound of a general formula (6) is a formula [** 30]. 

CH3 

The organic electroluminescent element of the preceding clause 8 publication 

which is the compound come out of and shown. 

10. Host Ingredient Which Constitutes Electron Hole Transportability Luminous 
Layer is General Formula (1). 
[Formula 31] 



R* 




They are the preceding clauses 1, 2, 3, 4, 5, 6, 7, and 8 which are the aromatic 
amine shown by (they differing from each other even if R1-R6 are the same, and 
showing hydrogen, the alkyi group of carbon numbers 1-6, the alkoxy group of 
carbon numbers 1-6, the amino group, etc. among a formula), and its derivative. 



or the organic electroluminescent elennent of nine publications. 
11. Host Ingredient Which Constitutes Electron Hole Transportability Luminous 



Layer 



IS 



General 



Formula 



(2). 



[Formula 



"^^3^ CH=CH-R"-CH = CH— ^ N — ^ 





32] 



(Among the formula, even if R7 and R9 are the same, you may differ, and 
hydrogen, the alkyi group of carbon numbers 1-6, the alkoxy group of carbon 
numbers 1-6, and a phenyl group are shown, and R8 is [Formula 33].) 



CHa O 




OCH3 



CH3 



The preceding clauses 1, 2, 3, 4, 5, 6, 7, and 8 which are the compounds shown 
by or an organic electroluminescent element given in nine. 

12. Host Ingredient Which Constitutes Electron Hole Transportability Luminous 



Layer 



[Formula 



IS 



General 



Formula 



(3). 
34] 




N 

I 



CH = CH-R^^-GH = CH 



(3) 




(R10 shows the alkyi group of carbon numbers 1-6, and a phenyl group among a 



and 



formula, 



R11 



IS 



[Formula 



35].) 



CHa O 




OCHa 



C H 




The preceding clauses 1, 2, 3, 4, 5, 6, 7, and 8 which are the compounds shown 



by 



or an organic electroluminescent element given in nine. 



13. Host Ingredient Which Constitutes Electron Hole Transportability Luminous 



Layer 



[Formula 



IS 



General 



Formula 



(4). 
36] 




I4J R!l 



They are the preceding clauses 1, 2, 3, 4, 5, 6, 7, and 8 which are the 
connpounds shown by (R12 is the any! group which nnay have a substituent 
annong the above-nnentioned fornnula, and R13 is the alky! group or alkoxy group 
of carbon nunnbers 1-6), or the organic electrolunninescent elennent of nine 
publications. 

14. The preceding clauses 1, 2, 3, 4, 5, 6, 7, and 8 whose host ingredients which 
constitute an electron hole transportability lunninous layer are the 
nnacronnolecules in which vacuunn deposition or sputtering is possible, or an 
organic electrolunninescent elennent given in nine. 

15. Host Ingredient Which Constitutes Electronic Transportability Lunninous 
Layer is General Fornnula (7). 
[Formula 37] 




m I 

They are the preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 which 
are the nnetal connplexes which have in a ligand 8-kino RIRORATO shown by 
(you nnay differ even if respectively the sanne, and R20 and R21 are a hydrogen 
atonn or the alkyi group of carbon nunnbers 1-6 among the above-mentioned 
formula, n is the integer of 1-3, and M shows a metal ion), or its derivative, or the 
organic electroluminescent element of 14 publications. 
16. Host Ingredient Which Constitutes Electronic Transportability Luminous 
Layer is General Formula (8). 

[Formula 38] 




(8) 



They are the preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, and 13 which 



are the metal complexes which have in a ligand 10-benzoquinolinolato shown by 
(n is the integer of 1-3 among the above-mentioned formula, and M shows a 
metal ion), or the organic electroluminescent element of 14 publications. 
17. Host Ingredient Which Constitutes Electronic Transportability Luminous 



Layer 



IS 



General 



Formula 



(9). 



[Formula 



39] 



o 



CHz 



M 



(9) 



I 



They are the preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 which 
are the metal complexes shown by (R19 shows among a formula the arylene 
radical which may have a substituent, M shows a metal ion, and n is the integer 
of 1-3), or the organic electroluminescent element of 14 publications. 
18. Host Ingredient Which Constitutes Electronic Transportability Luminous 



Layer 



IS 



General 



Formula 



(10). 



[Formula 

N— N N— N 



40] 



They are the preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 which 
are 1, 3, and 4-oxadiazole derivatives shown by (the aryl group which may differ 
even if the same the inside R22 and R24 of a formula, and may have a 
substituent, and R23 show the arylene radical which may have a substituent), or 
the organic electroluminescent element of 14 publications. 

19. Compound of Said General Formula (10) is Formula [** 41]. 

The organic electroluminescent element of the preceding clause 18 publication 
which is the compound come out of and shown. 

20. Compound of Said General Formula (10) is Formula [** 42]. 

The organic electroluminescent element of the preceding clause 18 publication 
which is the compound come out of and shown. 

21. Host Ingredient Which Constitutes Electronic Transportability Luminous 




They are the preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 which 
are 1, 3, and 4-oxadiazole derivatives shown by (the aryl group which nnay differ 
even if the same, and may have a substituent is shown by the inside R25, R26, 
and R27 of a formula), or the organic electroluminescent element of 14 
publications. 

22. Compound of Said General Formula (11) is Formula [** 44]. 




The organic electroluminescent elennent of the preceding clause 21 publication 
which is the connpound conne out of and shown. 
23. Host Ingredient Which Constitutes Electronic Transportability Lunninous 
Layer is General Formula (12). 

[Formula 45] 




2 B S 

(1 2) 



(type Naka, and R28 and R29 are the preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 



10, 11, 12, and 13 which are the compounds which may be the same, or may 
differ and are shown by alky! group) of a hydrogen atom or carbon numbers 1-4, 
or the organic electroluminescent element of 14 publications. 
24. Host Ingredient Which Constitutes Electronic Transportability Luminous 
Layer is the Following Formula Group [** 46]. 




The preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 which are at 
least one sort of the perylene derivative come out of and shown, or an organic 
electroluminescent element given in 14. 

25. The preceding clauses 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, and 23 said whose coloring matter is coloring matter for laser 
in which strong fluorescence is shown according to a solid state, or an organic 
electroluminescent element given in 24. 



26. The organic electroluminescent element of the preceding clause 25 
publication which is at least one sort chosen from the group which said coloring 
matter becomes from a coumarin derivative color, acridine dye, cyanine dye, and 
the Quinacridone derivative color. 

27. The process of the preceding clauses 1 and 2 characterized by carrying out 
sequential formation of each of an electrode, an electron hole transportability 
luminous layer, carrier recombination field control layers, electronic 
transportability luminous layers, and cathode by the vacuum deposition method 
and/or the sputtering method on a substrate, or an organic electroluminescent 
element given in three. 
[0052] 

[Effect of the Invention] As mentioned above, according to this invention, the 
white luminescence organic electroluminescent element excellent in the 
luminescence property is offered as explained. The white organic 
electroluminescent element of this invention has sufficient dependability for 
utilization, and can use it widely from the high brightness in the full color display 
combined with the back light of a liquid crystal display, and the color filter, a 
display device, and the field of lighting. 



DESCRIPTION OF DRAWINGS 

[Brief Description of tlie Drawings] 



[Drawing 1] Tiiis drawing is a sectional view of the bilayer nnold organic 
electrolunninescent element which consists of a general electronic 



transportability luminous layer and an electron hole transportation layer. With 
this component, the recombination of a carrier (an electron and electron hole) 
has happened in the electronic transportability luminous layer. 
[Drawing 2] This drawing a-c is for explaining the condition of the recombination 
field of the carrier at the time of inserting a carrier recombination field control 
layer between in the electron hole transportation layer of the bilayer mold 
component shown by drawing 1 , and an electronic transportability luminous 
layer. When a carrier recombination field control layer is thick (this drawing c), an 
electron hole is blocked by this layer, and recombination happens in an electron 
hole transportation layer. However, if a carrier recombination field control layer is 
made thin, an electron hole will come to penetrate a carrier recombination field 
control layer, and recombination will begin (this drawing b) to happen also in an 
electronic transportability luminous layer. It is the case where this is this 
invention. And when a carrier recombination field control layer is extremely thin, 
recombination happens only in an electronic transportability luminous layer like 
the case where it does not exist (this drawing a). 
[Drawing 3] This drawing is a sectional view of the three-layer mold component 
produced in the example 1 of this invention. The coloring matter with which the 



luminescent color differs in the part in an electronic transportability lunninous 
layer is doped. 

[Drawing 4] This drawing is a graph which shows the lunninescence brightness 
and driver voltage of the three-layer nnold connponent produced in the example 1 
of this invention. 

[Drawing 5] This drawing is a graph which shows the electroluminescence 
spectrum from the three-layer mold component produced in the example 1 of 
this invention. 
[Drawing 6] This drawing is a sectional view of the four-layer mold component 
produced in the example 3 of this invention. An electronic transportability 
luminous layer consists of layers which carried out the laminating of two kinds of 
different compounds. 
[Drawing 7] this invention person is the sectional view of Appl.Phys.Lett.64 and 
the organic luminescence component announced to p815 (1994). 
[Drawing 8] The electroluminescence spectrum from the component produced in 
the example 4 of this invention is shown. 
[Description of Notations] 

1 Substrate 



2 Anode Plate 

3 Electron Hole Transportation Layer 
3' Electron hole transportability lunninous layer 
3" Electron hole block layer 

4 Carrier Reconnbination Field Control Layer 

5 Electron Transport Layer 
5' Electronic transportability lunninous layer 

6 Cathode 

7 Blue, Green, Polymer Lunninous Layer that Doped Three Sorts of Red Coloring 
Matter 

11 Coloring Matter Dope Layer 
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